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A B S T R A C T
The objective of this work was to reduce the consistency of the pepper pulp by enzymatic maceration to increase
the yield of the extract used in the processing of Tabasco sauce, and to evaluate the effects of maceration on its
chemical and sensory properties. Two commercial enzymatic complexes were tested, alone and combined, and
conditions of time and temperature were determined. Yield, carotenoid and capsaicinoid contents were de-
termined in the extract obtained by the lactic acid fermentation of the macerated pulp, comparing to the con-
ventional process, without maceration. Then, the sauces elaborated by both processes were submitted to sensory
tests. Color and flavor were evaluated by Check-All-That-Apply (CATA) and the pepper pungency was rated by a
time-intensity scale. Samples were also submitted to acceptance and preference tests. The enzymatic treatment
of Tabasco pepper pulp with the combination of pectinase and cellulase (1 ml/kg each) was effective in reducing
the consistency of the pulp and increasing the yield of the extract in 17.5%. The main effects of enzymatic
maceration on the pepper sauce were slight sensory changes that did not impair its acceptability.
1. Introduction
Global spice trade has been continuously increasing, and since 2010
the increase has been in line with and sometimes overcome that of
agricultural products (Jambor, Toth, & Koroshegyi, 2018). Vietnam,
India, Indonesia, Brazil and China are the biggest spice producers in the
world, accounting for more than 80% of the global production, which
amounts to over 450,000 tons per year. As to global spice consumption,
the producing countries represent 40%, whereas North America and
Europe together represent another 40% (Gulick, 2017). However, cur-
rent spice import patterns suggest diversification, and the world market
for sauces and condiments is steadily increasing (Kim et al., 2018).
Tabasco red pepper sauce is the oldest amongst hot-sauce brands
and has become a food phenomenon. It is now widely consumed around
the world to enhance the flavour of food. Every day, people consume
450,000 bottles of Tabasco sauce, adding up to over 160 million bottles
a year (Klara, 2015). The Tabasco pepper is a variety of Capsicum fru-
tescens, with Central America as its primary centre of origin
(Mongkolporn & Taylor, 2011). Brazil is considered a secondary centre
of diversity of this genus (Dias et al., 2013). The American cultivar
Tabasco McIlhenny was introduced in Ceará, Brazil, in the early 2000s,
and genetic selection made in the original population by Embrapa re-
sulted in new cultivars, which are now being used by the productive
sector to supply the Brazilian market and for exportation (Pereira,
Crisóstomo, Rossetti, & Santos, 2014).
There is not a standardized method to produce pepper sauces;
however, the process generally begins with the lactic acid fermentation
of the peppers by autochthonous bacteria (Di Cagno et al., 2009). First,
sodium chloride is added to the peppers and they are ground. The salt
selects homofermentative lactic acid bacteria, and fermentation elim-
inates the enterobacteria, thus making the pulp microbiologically safe
(Cousin et al., 2017; Maruvada & McFeeters, 2009). After four weeks,
the pulp is sieved to obtain the pepper extract, to which vinegar and salt
are added to formulate the sauce (Crisóstomo et al., 2008).
Enzymatic maceration is expected to increase the yield of pepper
extracts. Considering that the vegetal cell wall is mostly composed of
cellulose, hemicellulose and pectin, cellulases, hemicellulases and
pectinases, or a proportionate blend thereof, are used for this purpose.
These hydrolytic enzymes cleave the polysaccharide chains and disrupt
the cell walls, facilitating the sieving process by separating the pulp and
peel from the seeds and increasing the extract yield. Eventually, the
permeability of the hydrolyzed cell wall increases, providing the release
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of functional compounds, such as carotenoids, capsaicinoids, poly-
phenols and flavor compounds (Rodrigues, 2016). Cellulases and pec-
tinases are applied to peppers for the extraction of oleoresins (Baby &
Ranganathan, 2016), carotenoids (Nath, Kaur, Rudra, & Varghese,
2016) and volatile oils (Chandran, Amma, Menon, Purushothaman, &
Nisha, 2012).
In the present study, enzymatic pre-treatment of Tabasco chilli
pepper was studied as an alternate method for enhancing the yield of
pepper extract used in the Tabasco sauce elaboration. In addition, the
sauce was submitted to sensory evaluation, comparing it with the
pepper sauce elaborated by the conventional method.
2. Material and methods
The sequence of experiments is presented in the flow chart of Fig. 1.
Initially, a chemical characterization of the Tabasco pepper pulp was
performed. Next, two commercial enzymatic complexes were tested,
alone and combined, and conditions of time and temperature were
determined, aiming at reducing consistency. Afterwards, the selected
enzymes was used to macerate the pulp, which was then submitted to
autochthonous lactic acid fermentation to obtain the pepper extract
used in pepper sauce production. The effect of enzymatic maceration on
the yield, color, capsaicinoid and carotenoid contents of the extract was
then investigated. Finally, two samples of Tabasco pepper sauce, with
and without maceration, were compared as to their sensory char-
acteristics, acceptability and preference.
2.1. Materials
2.1.1. Pepper pulp
Fruits of the Tabasco pepper variety Capsicum frutescens L., grown in
Paraipaba, Ceará, Brazil (3.438° S, 39.148° W), were harvested in the
morning and transported to Fortaleza. After removing the pedicels,
chalice and leaves, mature and undamaged fruits were selected and
washed twice with tap water, drained and crushed (whole with seeds)
in an industrial Metivisa tilting blender Model LQL.25 ( IMG Brasil,
Brusque, SC, Brazil) to obtain the pulp.
2.1.2. Enzymes
The commercial enzyme complexes, Pectinex AR® and Celluclast
1.5 L®, both available in liquid form, were kindly provided by
Novozymes® (Bagsvaerd, Denmark). Pectinex AR®, produced by
Aspergillus niger, has main pectinase activity (158.33 mK), but with a
broad spectrum of secondary activities, such as hemicellulase and cel-
lulase (Biotech, 2018). Celluclast 1.5 L®, produced by Trichoderma re-
esei, has main cellulase activity (11.67 mK) (Novozymes, 2018).
2.2. Definition of enzymatic maceration conditions
2.2.1. Selection of the enzymatic complex
To evaluate the performance of the enzymes in reducing the con-
sistency of the pepper pulp, an experiment with 5 treatments was set
up:
a) Control (no enzymes)
b) Pectinex AR 1 ml/kg
c) Celluclast 1.5 L 1 ml/kg
d) Pectinex AR 1 ml/kg + Celluclast 1.5 L 1 ml/kg
e) Pectinex AR 5 ml/kg + Celluclast 1.5 L 5 ml/kg
A sample of 75 g of pulp was placed into sterile 250-ml glass jars, to
which 15 ml of distilled water, and 0, 1 or 5 ml/kg of enzymes were
added. The jars were hermetically sealed with metal lids and incubated
in B.O.D. (Tecnal, Model TE-371, Piracicaba, SP, Brazil) at 30 °C for
18 h. Samples were prepared in triplicate and evaluated for consistency.
2.2.2. Definition of time and temperature
The selected combination of enzymatic preparations was used to
determine the time and temperature of maceration in terms of reduc-
tion in consistency. Tabasco pepper pulp was macerated at 30 °C,
varying the time from 6 to 24 h. Afterwards, using the best result, pulp
was macerated varying the temperature from 30 to 60 °C. Control
samples (non-macerated) were prepared and incubated under the same
conditions for all treatments. Tests were performed in triplicate and
evaluated for consistency.
2.3. Effect of enzymatic maceration on the pepper extract used for pepper
sauce production
Pepper pulp was hydrated (20 g water/100 g pulp) and the enzyme
combination Pectinex AR 1 ml/kg + Celluclast 1.5 L 1 ml/kg was
added. After homogenization, maceration was carried out with no
agitation at 50 °C for 18 h in sealed glass jars. After this time, jars were
opened, NaCl (10 g/100 g pulp) was added to stop the enzymatic ac-
tivity, resealed and incubated in B.O.D. (Model TE-371 Tecnal,
Piracicaba, São Paulo, Brazil) at 30 °C for four weeks for autochthonous
lactic acid fermentation. Simultaneously, another treatment was ela-
borated by the conventional process using the same conditions, but
without enzymatic maceration (Fig. 2). At the end of the fermentation
time, both pulps (macerated and non-macerated) were sieved in a 2-mm
sieve and compressed with a spoon until maximum liquid was ex-
tracted. The liquid was named either Macerated Pulp Extract (MPE) or
Non-macerated Pulp Extract (NMPE). Both pulp and extract were
evaluated regarding color, total carotenoid and total capsaicinoid
contents.
2.4. Effect of enzymatic maceration on the sensory quality and acceptability
of pepper sauce
Two pepper sauces were elaborated with the pepper pulp extracts in
vinegar (500 mL/l), with the addition of salt (50 g/L). The acetic acid
concentration in the vinegar was 40 g/L. The sauces obtained from the
MP and NMPE extracts were named “Macerated Sauce” and “Non-ma-
cerated Sauce” respectively. Samples were then submitted to theFig. 1. Flow chart of the work.
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following sensory analyses: characterization of aroma and flavor by
Check-All-That-Apply (CATA) test; acceptance test for aroma and
flavor, and characterization of burning sensation by Time-intensity
scale.
2.5. Analytical procedures
2.5.1. Chemicals
All chemicals were of analytical or higher grade from Sigma-Aldrich
Canada Ltd. (Oakville, ON, Canada) and the aqueous solutions were
prepared with water purified by Milli-Q System (Millipore Lab.,
Bedford, MA, USA).
2.5.2. Chemical analyses
The characterization of the pepper pulps and extracts was de-
termined by the following properties, according to (AOAC, 2016,
p.3172): moisture by gravimetry with drying at 105 °C until constant
weight (method 934.06); ethereal extract (method 920.39); protein
(method 960.52); ashes (method 923.03); pH (method 981.12); ti-
tratable acidity (method 942.15). Total reducing sugars was determined
by DNS method (Miller, 1959); AIR - alcohol-insoluble residues (pectin,
hemicellulose, cellulose and lignin) by gravimetry (Schieber, Fügel,
Henke, & Carle, 2005); and total carotenoids by colorimetry
(Rodriguez-Amaya, 2001, p. 64). All these analyses were performed in
triplicate.
Quantitative estimation of the main capsaicinoids (capsaicin, dihy-
drocapsaicin and nordihidrocapsaicin) was performed by AOAC
method 995.03 (2016), using the external calibration method. The
capsaicin standard (152 μg/ml, 99% purity) was provided by the
Technological Development Park (PADETEC) of the Federal University
of Ceará. The High Performance Liquid Chromatography equipment
(HPLC) (Varian, Walnut Creek, CA, USA) was equipped with two
ProStar 210 pumps, automatic injector model 410 with 20 μL loop and
UV–Vis detector model 320. The conditions of the HPLC system con-
sisted of column Zorbax SB-C18 (4.6 × 150 mm); precolumn
MetaGuard Pursuit 5 μm C18 4.6 mm; mobile phase acetonitrile and
water (40:60 v/v) with 1% acetic acid; isocratic flow rate at 1.5 ml/
min; injection loop 20 μL; UV detector at 280 ƞm; temperature 30 °C;
20-min running time.
2.5.3. Physical analyses
2.5.3.1. Yield of the pepper extracts. The MPE and NMPE extracts were
weighted to calculate the yield, using Equation (1)
= + + ×mass extractmass pepper pulp sodium chloride waterYield (%) ( )( ) 100
(1)
2.5.3.2. Consistency. Consistency was measured by a Bostwick
consistometer (model 24925000 CSS Scientific, Fairfax, VA, USA) in
triplicate. The results were reported as the distance travelled (cm) in
30 s (Bourne, 2002, pp. 213-215).
2.5.3.3. Color. Color coordinates L*, a* and b* were obtained from a
Minolta Chroma Meter (Model CR-400, Konica Minolta Sensing, Inc.,
Osaka, Japan). The tests were performed using a D65 illuminant with
an opening of 14 mm and the 10o standard observer. The equipment
was calibrated using a standard white plate (L* = 94.10, a* = -1.43,
b* = 0.72). From the color coordinates, the hue angle (h*, Eq. (2)),
chroma (C*, Eq. (3)) and color difference (ΔE, Eq. (4)) were obtained.
Fig. 2. Elaboration of the Tabasco pepper extracts. The shaded steps were performed only to obtain the enzymatically Macerated Pulp (MP).
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ΔE is the global difference between two samples and was calculated in
regard to the control sample.
h* = arctg (b*/a*) (2)
C* = (a*2 + b*2)0,5 (3)
ΔE = [(L* − L0*)2 + (a* − a0*)2 + (b* − b0*)2 ]0,5 (4)
2.5.4. Sensory evaluation
Before the sensory analysis, all freshly prepared sauces were mi-
crobiologically evaluated for the presence of thermophilic coliforms
and Salmonella sp., according to the criteria established by RDC No. 12,
January 2nd, 2001 (Brasil, 2001). All sensory protocols were previously
approved by the Research Ethics Committee of the State University of
Ceará (No. 147.279/2012).
Samples were tested under controlled light (white or red) in in-
dividual booths (22 °C) equipped with computer terminals for data
registration/collection (FIZZ software version 2.40A). The samples
were labeled with random three-digit numbers and served in a balanced
order. For the aroma evaluation, ten drops of sauce were placed into
glass goblets covered with watch glass. Coffee powder was served to
neutralize the aroma between samples. For the taste evaluation, ap-
proximately ten drops of samples were placed on a piece of white bread
(4 cm2) and served in a disposable cup (50 ml). A glass of milk was
provided to minimize the pungency and the residual flavor between
samples.
2.5.4.1. Characterization of aroma and flavor. The sensory descriptors of
the pepper sauces were determined by the Check-All-That-Apply
(CATA) test (Meyners & Castura, 2014), using a list of pre-selected
descriptive terms. Twenty terms for aroma and flavor were chosen
among descriptors from the literature (Chitwood, Pangborn, &
Jennings, 1983; Garruti et al., 2013) in a Focus Group session. During
the test, 30 pepper consumers (12 men and 18 women) were asked to
check the perceived terms and also describe other terms they had
noticed but which were not on the set list. The samples were presented
under red lights.
2.5.4.2. Affective tests. Acceptance tests for color and flavor were
applied to 23 pepper consumers (7 men and 16 women), using a
verbal structured 9-point hedonic scale from ‘liked extremely’ to
‘disliked extremely’. The color was evaluated in glass bottles similar
to the commercial pepper sauce packages. In the same session, judges
were asked to indicate which one of the two samples was preferred
(paired-preference test) (Meilgaard, Civille, & Carr, 2006, p. 464).
2.5.4.3. Time-intensity test for burning sensation. As the burning
sensation is dynamic, there was a need to evaluate its intensity over
time. Seven previous selected judges were instructed to put the bread
with the sauce sample in the mouth and chew it for 7 s. Then, they
swallowed the bread and began to register the burning intensity up to
1200 s, using an unstructured 9-point scale, from 0 (weak) to 9 (strong)
from SCDTI software, the initials for “Time Intensity Data Collection
System” in Portuguese (Unicamp, Campinas, SP, Brazil). An interval of
30 min was respected between sections, which was enough to enable
the panelists to have the taste fully re-established. The data consisted in
the following parameters: maximum intensity recorded by the judge
(Imax), time at which the maximum intensity was recorded (Tmax) and
duration of the maximum intensity (Plateau).
2.6. Statistical analyses
The chemical, color and acceptance data were submitted to Analysis
of Variance (Anova) and to the Tukey's test using the statistical software
SAS for Windows 9.2 (SAS Institute Inc., Cary, NC, USA). The categories
of hedonic scale were first associated to numerical values, being
9 = like extremely, 5 = neither like nor dislike, and 1 = dislike ex-
tremely. Analysis of paired-preference results were accomplished using
the minimum number of agreement judges necessary to establish sig-
nificance (α = 0.05) according to Roessler, Pangborn, Sidel, and Stone
(1978). CATA responses were presented in frequency percentages.
3. Results and discussion
3.1. Pepper pulp characterization
The chemical composition of the pepper pulp is presented in
Table 1. The Brazilian Tabasco pepper showed high moisture content
(87.02 g/100 g) and relatively high ethereal extract content for a fresh
pepper (6.12 g/100 g), but protein and ash contents were around 1 g/
100 g, both values compatible with the literature (Bosland & Votava,
2012, p. 229). Carotenoid content was slightly lower than expected
(313.66 μg/g), when compared to mature varieties of Capsicum red
peppers reported by Gómez-García and Ochoa-Alejo (2013), indicating
that the Tabasco fruits used in this study were not fully ripe. These
authors state that total carotenoid content in mature red chili pepper
fruits can increase from two to 60 times, compared to immature fruits.
The capsaicinoid profile was predominantly capsaicin (66%) and
dihydrocapsaicin (31%), with a small amount of nordihydrocapsaicin
(3%), which is consistent with those reported by Fayos et al. (2017), De
Aguiar et al. (2013), and Othman, Ahmed, Habila, and Ghafar (2011),
who worked with Capsicum peppers, including C. frutescens. Regarding
the quantification of the alcohol-insoluble residues (AIR), the Tabasco
pepper pulp showed similar concentrations of pectin and hemicellulose,
with a higher concentration of cellulose associated with lignin. This AIR
composition indicates that the Tabasco pepper pulp must be en-
zymatically macerated by pectinolytic and cellulolytic enzymes to
modify its consistency.
3.2. Definition of enzymatic maceration conditions
The pectinases and cellulases enzymatic preparations, alone or
combined, showed efficiency in reducing the consistency of the pepper
pulp (Table 2), since all enzymatically treated pulps presented lower
consistency (a greater flow distance) than the Control sample. The two
Table 1
Chemical composition of Tabasco pepper pulp (C. frutescens L.) grown in
Paraipaba, Ceará State, Brazil.
Chemical properties Valuesa
Moisture (g/100 g) 87.02 ± 0.02
Ethereal extract (g/100 g) 6.12 ± 0.20
Protein (g/100 g) 0.94 ± 0.20
Ashes (g/100 g) 1.09 ± 0.01
Total carbohydratesb (g/100 g) 4.83
Total reducing sugars (g/100 g) 1.81 ± 0.05
Total titratable acidity (g/100 g) 5.01 ± 0.03
pH 5.36 ± 0.01
Carotenoids (μg/g) 313.66 ± 32.60
Capsaicinoidsc (μg/g) 807.67
Capsaicin (C) (μg/g) 535.38 ± 64.90
Dihydrocapsaicin (DHC) (μg/g) 248.23 ± 2.86
Nordihydrocapsaicin (NDHC) (μg/g) 24.06 ± 1.30
AIRd (g/100 g) 2.40
Pectin (g/100 g) 0.45 ± 0.04
Hemicellulose (g/100 g) 0.52 ± 0.05
Cellulose and Lignin (g/100 g) 1.43 ± 0.06
a Mean ± SD (n = 3).
b Carbohydrates by difference.
c Capsaicinoids: C + DHC + NDHC.
d AIR = Alcohol Insoluble Residues: Pectin + Hemicellulose + Cellulose
+ Lignin.
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enzymatic preparations used in the experiment showed the same per-
formance, in the same concentration, since there was no difference
between the consistency of the pulps macerated by Pectinex AR 1 ml/kg
and by Celluclast 1 ml/kg. However, these enzymatic preparations
showed a synergistic effect. The difference between the flow distance of
the sample macerated by the combination Pectinex AR 1 ml/kg + Cel-
luclast 1 ml/kg, and the flow distance of the Control (Δ F) was 3.2 cm,
more than the double of each one of them when used alone. The
combination of these two enzymes at 1 ml/kg was also the best cost-
benefit condition, since, although the combination at 5 ml/kg was the
best result in reduction of consistency, this amount of enzyme is con-
sidered too high for this purpose, making the process costly. In addi-
tion, the consistency of the pulp was not reduced proportionally to the
amount of enzyme applied, probably because of excess enzyme re-
sulting in reaching end of reaction well during the incubatoin time.
Çinar (2005) used a combination of pectinase and cellulase for
carotenoid extraction from orange peel, sweet potato and carrot be-
cause of the synergistic effect of these enzymes. The combination of
cellulolytic and pectinolytic enzymes accelerates the disintegration of
the plant tissues due to the cellulase, pectinesterase (PE), poly-
galacturonase (PG) and pectin lyase (PL) activity of commercial enzyme
preparations.
Table 3 shows the effect of time and temperature on consistency of
Tabasco pulp macerated with the combination Pectinex AR 1 ml/
kg + Celluclast 1 ml/kg. In the consistometer, the flow distance of the
macerated samples incubated at 30°C increased over time (Table 3A),
with the higher values being reached by the 18 h-process. The increase
of the maceration temperature decreased the consistency of the ma-
cerated pulp, with the highest flow distance being reached at 50 °C,
while the consistency of the pulp incubated at the same temperatures,
but without enzyme addition, did not changeTable 3B). The enzymatic
maceration, using an association of Pectinex AR 1 ml/kg and Celluclast
1 ml/kg, at 50 °C by 18 h, provided an 84% increase in the sample flow
(Bostwick consistometer), reducing the consistency of the Tabasco
pepper pulp. This consistency reduction may indicate a greater ease of
pulp separation from the peel and seeds, and consequently a higher
pulp yield for the pepper sauce processing industry.
3.3. Effect of enzymatic maceration on the pepper extract
The MPE extract presented a yield of 58.1%, with an increase of
17.5% when compared to the Non-macerated extract (yield of 49.4%).
The application of maceration enzymes to increase yield in juices is
reported in the literature. Nguyen and Nguyen (2018) increased the
yield of mulberry juice in 16% by enzymatic treatment with Pectinex
Ultra SP-L and in 12% with Viscozyme L. Pineapple juices obtained
with enzymatic treatment by the combination of pectinases/cellulases
showed a maximum yield of approximately 95%, corresponding to a
25% increase when compared to the control (Tochi, Wang, Xu, &
Zhang, 2009).
Table 4 presents characteristics of color and the contents of total
carotenoids and total capsaicinoids for MPE and NMPE extracts, com-
pared to the respective pepper pulps used as raw material. The effect of
maceration was significant (p < 0.05) only for the lightness (L*) of the
extract. The Macerated Extract tended to get darker, resulting in an
easily perceived difference in color (ΔE 12.32), according to Mokrzycki
and Tatol (2011). Dark compounds released from the degradation of the
plant cell wall, produced by maceration enzymes, may have caused this
darkening.
Comparing the extract with the pulp, only the hue angle and the
capsaicinoid content showed significant variations. The hue angles of
all products were very small, denoting the characteristic red tonality of
the pepper. However, the extracts presented slightly higher values,
corresponding to a more orange color. Capsaicinoids decreased 54%, in
average, in the pepper extracts. This was expected, since capsacin, di-
hydrocapsaicin, and nordihydrocapsaicin are more concentrated in the
seeds of pepper fruits.
3.4. Sensory quality and acceptability of the pepper sauces
Two samples of Tabasco pepper sauce were prepared, using the
extracts obtained from the fermented pulp, with and without previous
maceration. The results of the microbiological analyses indicated that
both sauces were in accordance with the recommendations of Brazilian
legislation (Brasil, 2001), showing absence of Salmonella in 25 g and a
Thermotolerant Coliforms counting of< 10 UFC/g.
The main terms chosen by the judges to describe the aroma and
flavor of the pepper sauces in the CATA test are shown in Table 5.
Descriptors that best characterized the aroma of samples were: pungent,
vinegar, pepper, spicy tomato sauce and seasoning, with more than
30% of responses. The enzymatic maceration seemed to have changed
the volatile composition of the pepper sauces, since it showed more
aromatic notes like wood, braised, citric, apple, ether and fruity.
However, the Non-macerated sauce showed higher frequency for the
characteristic aroma of pepper sauce (spicy tomato sauce).
In the flavor test, the Non-macerated sample showed the most in-
tense flavors of pepper, vinegar and onion, but the most cited term was
the burning sensation, equally for both samples. As enzymatic ma-
ceration did not significantly affect the concentration of total capsai-
cinoids, a difference in the sensory perception of this attribute was not
expected. However, this distinctive and characteristic sensation in
peppers is usually perceived by consumers not only by the intensity, but
also by the time it remains in the mouth. Thus, a time-intensity test was
also used to evaluate this descriptor to verify whether judges could
detect any difference as to how long the burning sensation remained in
their mouths after trying the sauces.
The Time-Intensity curves of both samples followed the same ten-
dency: initially, the burning stimulus appeared weak, but it rapidly
Table 2
Consistency (Flow distance) in Tabasco pepper pulps enzymatically macerated
with Pectinex AR and Celluclast, alone or combined, at 30 °C/18 h.
Treatment Fa(cm) Δ Fb (cm)
Control 0 (before incubation) 7.6 ± 0.3 –
Pectinex AR 1 ml/kg 9.1 ± 0.4 1.5
Celluclast 1 ml/kg 8.8 ± 0.4 1.2
Pectinex AR 1 ml/kg + Celluclast 1 ml/kg 10.8 ± 0.5 3.2
Pectinex 5 ml/kg + Celluclast AR 5 ml/kg 13.2 ± 0.5 5.6
a F: Flow distance = Distance travelled by the sample in a Bostwick con-
sistometer in 30 s. Mean ± SD (n = 3).
b ΔF = Difference between the flow distance of the treatment and the control
sample (at initial time, before incubation).
Table 3
Consistency (Flow distance in cm)a in Tabasco pepper pulps macerated with the
combination of Pectinex AR 1 ml/kg + Celluclast 1 ml/kg or non-macerated:
(A) Incubated at 30 °C for 0–24 h; (B) Incubated at 30 °C–60 °C for 18 h.
A. Time of maceration
Sample 0 h 6 h 18 h 24 h
Non-macerated Pulp 7.3 ± 0.3 7.1 ± 0.5 6.9 ± 0.2 6.0 ± 0.1
Macerated Pulp 0.0 9.5 ± 0.4 10.5 ± 0.1 9.6 ± 1.1
Differenceb – 2.4 3.6 3.6
B. Temperature of maceration
30 °C 40 °C 50 °C 60 °C
Non-macerated pulp 7.4 ± 0.1 7.8 ± 0.7 7.2 ± 0.1 6.6 ± 0.4
Macerated pulp 10.6 ± 0.7 12.2 ± 0.2 13.0 ± 0.1 11.4 ± 0.6
Differenceb 3.2 4.4 5.8 4.8
a Distance travelled by the sample in a Bostwick consistometer in 30 s.
Mean ± SD (n = 3).
b Difference between the flow of the macerated treatment and the control
sample (non-macerated).
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increased and reached the maximum intensity at around 30 s, im-
mediately decreasing, without a defined plateau formation (Fig. 3).
Even after 20 min of test, a slight burning sensation was still noticed at
the same intensity for both samples. It is important to highlight that the
burning sensation in the Macerated pepper sauce remained more in-
tense during the decline of the perception over time until 700 s.
Pepper sauces showed no significant difference (p > 0,05) for color
and flavor acceptance tests (Table 6), with mean values around 7.0,
corresponding to the category “like” and 90% of responses in the ac-
ceptance zone on the hedonic scale (values 6 to 9). The enzymatic ac-
tion changed the color of the pepper extract (Table 4) and, conse-
quently, the color of the sauce prepared from it. The macerated product
became noticeably darker; however, this change did not impair the
color acceptability of the product. Similarly, the slight change in aroma
and flavor revealed by the CATA test for the macerated sauce, which
showed to be more aromatic, with citric and fruity notes, did not
Table 4
Characterization of Macerated and Non-macerated pepper pulps and extracts, in terms of color and contents of total carotenoids and total capsaicinoids.
Sample Color1 Carotenoids2 (μg/g)3 Capsaicinoids2 (μg/g)
L* C* h ΔE
NMP 33.5 ± 2.2 aA 35.9 ± 1.5 aA 0.54 ± 0.02 aB – 84 ± 10 aA 908 ± 13 aA
MP 30.0 ± 0.5 aA 31.7 ± 0.9 aA 0.52 ± 0.01 aB 5.55 101 ± 14 aA 766 ± 71 aA
NMPE 40.2 ± 0.4 aA 33.0 ± 1.1 aA 0.75 ± 0.02 aA – 86 ± 16 aA 341 ± 34 aB
MPE 31.2 ± 0.7 bA 24.7 ± 0.4 aA 0.70 ± 0.02 aA 12.32 113 ± 9 aA 415 ± 46 aB
NMP: Non-Macerated Pulp; MP: Macerated Pulp; NMPE: Non-Macerated Pulp Extract; MPE: Macerated Pulp Extract. Means followed by the same letter in the column
do not differ significantly from each other, by the Tukey test at the 5% level: lower case letters compare macerated and non-macerated; capital letters compare pulp
and extract. 1Mean ± SD (n = 3). 2 Mean ± SD (n = 5). 3Expressed in zeaxantin.
Table 5
Results of CATA testa for aroma and flavor of Tabasco pepper sauces: Non-
Macerated Sauce (NMS) and Macerated Sauce (MS).
Descriptors Aroma (%) Flavor (%)
NMS MS NMS MS
Pungent/Burning 60 57 97 100
Vinegar 53 60 37 23
Red pepper 43 50 30 23
Spicy tomato sauce 43 30 23 27
Seasoning 40 37 27 30
Fruity 20 27 3 3
Apple vinegar 20 10 3 3
Green 17 20 7 3
Onion 17 13 20 3
Sweet 10 10 0 0
Cucumber 7 0 0 0
Ether 7 13 3 0
Garlic 7 7 13 10
Apple 3 10 3 7
Citric 3 20 10 17
Braised 3 13 10 10
Butter 0 0 3 0
Wood 0 7 0 0
a Frequency percent of panel responses (n = 30) checking descriptors that
characterize the aroma and flavor of Tabasco pepper sauce samples.
Fig. 3. Time-intensity curve of the burning intensity over time in Tabasco pepper sauces: (−) Non-Macerated Sauce, (–) Macerated Sauce. The graphic was built with
the means of the 7 trained judges at each second.
Table 6
Acceptance data for color and flavor of Macerated and Non-macerated Tabasco
pepper sauces.
Color Flavor
NMS MS NMS MS
Hedonic Mean 6.8 a 7.0 a 7.2 a 6.9 a
Acceptance zone* 87% 90% 96% 91%
Indifference zone* 0% 3% 0% 4%
Rejection zone* 13% 7% 4% 5%
Means followed by the same letter in the column do not differ significantly from
each other, by the Tukey test at the 5% level. *Sum of frequency, in percentage,
of consumer responses (n = 30) in the hedonic scale categories, corresponding
to the acceptance zone (6 = “like slightly” to 9 = “like extremely” ), the in-
difference zone (5 = “neither like nor dislike”) and rejection zone (4 = “dislike
slightly” to 1= “dislike extremely”).
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improved the flavor acceptance by the consumers. No product was
preferred, since the number of favorable responses was only 15, while
the minimum number for a significant preference for 23 judgments at
p = 0.05 is 17 (Roessler et al. (1978). Those are very good results. In
the study with pineapple juice, earlier mentioned, the yield increased
with the application of enzymes, but the juice with enzymatic treatment
received lower scores for global acceptance (Tochi et al., 2009).
4. Conclusions
This work was the first to propose an innovative technology for
preparing Tabasco sauce using an enzymatic pre-treatment to reduce
consistency of the pepper pulp and increase the yield of the extract used
in the sauce formulation. We demonstrated that the association of
Pectinex AR and Celluclast (1 mg/kg each) at 50 °C by 18 h was able to
increase the extract yield in 17.5% without impairing the sensory ac-
ceptability of the formulated sauce. This result is very relevant to the
pepper sauce processing industry, meaning cost savings. The expected
release of carotenoids and capsaicinoids were not observed, but flavor
compounds were probably released, since the macerated sauce pre-
sented fruity notes. Future studies are necessary to investigate the
flavor compounds profile of Tabasco sauce produced by enzymatic
maceration.
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